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Introduction 
The surface water temperature of Windermere has been recorded by 
the staff of the Freshwater Biological Association on every weekday 
(with minor exceptions) since 11 January 1933. 
The aim of this publication is to make this information more 
readily accessible, and to present it in a form which can easily be used 
by individual research workers for their particular needs. 
The temperature regime of all depths of Windermere has been 
described by Jenkin (1942) for the north and south basins from November 
1931 to October 1932, and by Lund, Mackereth and Mortimer (1963) for the 
north basin in 1947, and by Tailing (1965) for the north basin in 1964. 
The lake becomes markedly stratified in May, and the thermocline is 
maintained until late October or early November in the south basin and 
until late November or early December in the north basin. From then 
until the following May the lake is usually fully mixed with virtually 
the same temperature from surface to bottom. However in cold winters 
temperature inversion can occur, with colder water (< 4°C) near the 
surface. Diurnal temperature changes in the surface waters are 
discussed by Mortimer (1952). These findings must be taken into 
consideration when using the present data, which consist entirely of 
surface temperatures recorded once a day at the same time each day. 
In Tables 1 to 43 the data for each year from 1933 to 1975 are 
presented expressed as degree-days centigrade. The tables show for 
each month the number of degree-days above each temperature from 0°C 
to the highest recorded, at 1°C intervals. 
The method of calculation can be explained by a simple example. 
If readings on four days were 6, 4, 7 and 8°C, the total above 0°C 
would be 25 degree-days and above 5°C would be 1 + 0 + 2 + 3 = 6 degree-
days, and above 6°C 0 + 0 + 1 + 2 = 3 degree-days. This is equivalent 
to plotting the daily temperatures and measuring the area of the graph 
above the required temperature. Mean temperatures are obtained by 
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dividing the number of degree-days over 0°C by the relevant number of 
days. 
An advantage of using degree-days rather than mean temperatures is 
that degree-days are additive, so that data for any desired periods of 
time can be combined quickly and simply. Seasonal results for spring, 
summer, autumn and winter are shown in Table 44, and Table 45 shows 
certain selected totals for comparisons between years. These are given 
not only for the intrinsic interest of the results, but also as examples 
of how detailed specific information can be derived from Tables 1 to 43. 
Table 46 shows the mean temperature in each month of each year, and 
Table 47 shows frequency distributions of monthly mean temperatures. 
The daily temperatures in 1954 and 1955 have been plotted in Figure 
1, as an example of contrasting years. The summer was cool in 1954 and 
warm in 1955. Tables 22 and 23 show that in 1954 and 1955 there were 
respectively 68 and 399 degree-days over 15°C, and that there were no 
degree-days over 20°C in 1954 and 64 in 1955. 
Some examples of correlations of degree-days with various biological 
data have been published. Le Cren (1958), studying perch (Perca 
fluviatilis L.) in Windermere, correlated weight increments in each year 
from 1934 to 1955 with degree-days over 14°C, and obtained very 
significant results. The degree-days were determined graphically, using 
the same data as in this paper. Frost and Kipling (1967) and Kipling 
and Frost (1970) studying pike (Esox lucius L.), correlated the mean 
weight of pike at age 4 years with a four year running total of degree-
days over 14°C, calculated by adding the degree-days over 14°C in the 
first four years of life. The work covered pike hatched in each year 
from 1944 to 1962 and the results were very significant. They also 
correlated pike year-class strengths with degree-days over 14°C in the 
summer after hatching, and with degree-days over 10°C in each separate 
month from May to October in the year of hatching. 
The choice of degree-days over 14°C to give a measure of summer 
temperatures was made after consideration of several factors. It was 
known from other evidence that perch did not start to grow before early 
June. In most years the surface temperature of the lake reaches 14°C 
in the last week of May or the first week of June and continues above 
this temperature usually until late September, occasionally until early 
October, although in some exceptional years it has fallen below 14°C in 
Fig.1. Daily surface temperatures 1954 and 1955. 
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early September. Therefore by taking degree-days over 14 C the period 
before perch growth commences is excluded, and the end of the summer 
season is determined by environmental conditions and not by a fixed date. 
The same measure, degree-days over 14 C, was used for many of the 
correlations concerning pike. However, degree-days over 10 C were used 
when a longer period, earlier in the spring and later in the autumn, was 
being considered. 
The examples show that degree-days provide a flexible method of 
considering water temperatures in biological studies. 
Obviously, when the temperature remains above a selected figure 
throughout the period, identical results as regards correlations can be 
obtained by using degree-days above 0°C (or any intermediate value°C), 
or by using mean temperature, provided the period of time is the same. 
However even in these circumstances there are practical advantages in 
using degree-days over a selected temperature as the numbers are easier 
to handle arithmetically. 
Methods 
The readings are taken daily, except on Sundays, normally at 9 a.m., 
with a standard laboratory mercury thermometer. The temperature is 
recorded to the nearest 0.1 C. 
From 11 January 1933 to 31 December 1950 the readings were taken at 
Wray Castle Boathouse (grid reference NY 37510132) and from 1 January 
1951 onwards at The Ferry House (grid reference SD 39019563). At Wray 
Castle Boathouse the readings were taken from a pontoon, and the depth 
of water was never less than 1 m. At The Ferry House the readings are 
taken from the edge of a shingle shore in a sheltered west facing bay. 
The thermometer is placed on the lake bottom, parallel to the shore line 
so that it is just completely submerged; it is then left for several 
minutes before the temperature is noted. 
To find out whether the readings from the two places were compatible, 
comparisons were made between surface temperature readings by thermistor 
resistance thermometer, taken weekly at a buoy in the north basin of 
Windermere, and the readings on the same dates at Wray Castle Boathouse 
in 1950 and at The Ferry House in 1951. The mean differences between 
When there was no reading NO READING TAKEN is printed, and when there 
was ice at the place where the reading is taken ICE ICE ICE is printed. 
The second part of each program is concerned with calculating the 
and in the third column the actual reading to 0.1 C, for example 
March 
Calculation of degree-days 
The data, the daily temperature readings, were punched onto paper 
tape for each year separately. Two programs were written in Algol 60, 
one for leap years, the other for non-leap years. The programs are the 
same except that 29 February occurs in the leap year program. Each year 
is handled separately. 
The first part of each program prints out the temperature for each 
day, month by month. In the first column the data is given, in the 
second column a number of asterisks equal to the recorded number of 
degrees centigrade, rounded off as follows: 
the shore and mid-water readings were - 0.21 C in 1950 and - 0.17 C 
in 1951; the difference between them was not significant. Therefore 
the readings before 1951 at Wray Castle Boathouse and in 1951 and later 
at The Ferry House have been considered as one series. 
Exact agreement between readings taken from the shore and those in 
mid-water is not to be expected. Shallow surface water near the shore 
is subject to greater fluctuations in temperatures than surface water in 
the middle of the lake. This is partly because of the effect of the 
lake bottom, and also because the shore is often sheltered from wind 
effects, and, in the absence of water movements, temperature changes are 
more extreme. Thus in cold weather ice forms in the first instance 
round the edge of the lake, and has been recorded in many winters, 
whereas only very rarely, about once in twenty years, has the water in 
the middle of the lake become frozen. 
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degree-days above each temperature from 0 C to 22 C at 1 C intervals, 
and printing the results for each month and each year. (The one degree-
day over 23 C was entered by hand). As a preliminary to the 
calculations the data are scanned and all entries of ICE changed to 
0.0° C, and estimates substituted for entries of NO READING TAKEN. One, 
two or three such consecutive entries are replaced by a simple mean of 
the readings for the day before and the day after the blank or blanks. 
If more than three consecutive no readings are encountered in the data 
scan, the program terminates and MORE THAN THREE NO READINGS HAVE 
OCCURRED is printed; estimates for one or more of the blanks must then 
be inserted in the data tape. This happened in 1933 in January and 
April, and in December in eight of the years, on account of the Christmas 
holiday. Estimates were made of the missing readings, usually after 
consulting records of air temperatures for the relevant dates to find out 
if there had been any violent changes of weather during the period. 
The daily temperatures are then printed out again with substituted 
values for all non-numerical entries in the original data. The format 
is the same as in the first part of the program. After printing the 
temperature for a particular day, the degree-days are calculated for that 
day and added to a monthly running total. At the end of each month the 
degree-days for the month (rounded off as before) are printed out with 
the following format: 
The degree-days running total for the year is formed, and at the end of 
the year the degree-days yearly totals are printed out with the format 
shown above. 
The original data and the computer print-outs are lodged in the 
library of the Freshwater Biological Association and may be consulted on 
the premises. 
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TABLES 
Tables 1 - 43. Each table covers one year and shows for each month 
and year the degree-days above each temperature from 
0 C, at 1 intervals, to the highest recorded in the 
particular year. 
Table 1 
1933 Number of degree-days above : 
* includes estimated temperatures 1-10 January 
Table 2 
1934 Number of degree-days above : 
Table 3 
1935 Number of degree-days above : 
Table 4 
1936 Number of degree-days above : 
Table 5 
1937 Number of degree—days above : 
Table 7 
1939 Number of degree-days above : 
Table 6 
1938 Number of degree-days above : 
Table 8 
1940 Number of degree-days above : 
Table 9 
1941 Number of degree-days above : 
Table 11 
1943 Number of degree-days above : 
Number of degree—days above : 
Table 10 
1942 
Table 12 
1944 Number of degree—days above : 
Table 13 
1945 Number of degree-days above : 
Table 15 
1947 Number of degree-days above : 
Table 14 
1946 Number of degree-days above : 
Table 16 
1948 Number of degree-days above : 
Table 17 
1949 Number of degree-days above : 
Table 19 
1951 Number of degree-days above : 
Table 18 
1950 Number of degree-days above : 
Table 20 
1952 Number of degree-days above : 
Table 21 
1953 Number of degree - days above : 
Table 22 
1954 Number of degree-days above : 
Number of degree-days above : 
Table 23 
1955 
Table 25 
1957 Number of degree—days above : 
Number of degree-days above : 
Table 24 
1956 
Table 26 
1958 Number of degree-days above : 
Table 27 
1959 Number of degree-days above : 
Table 28 
1960 Number of degree-days above : 
Number of degree-days above : 
Table 29 
1961 
Table 30 
1962 Number of degree-days above : 
Table 31 
1963 Number of degree-days above : 
Table 33 
1965 Number of degree-days above : 
Number of degree-days above : 
Table 32 
1964 
Table 34 
1966 Number of degree-days above : 
Table 35 
1967 Number of degree-days above : 
Table 37 
1969 Number of degree-days above : 
Table 36 
1968 Number of degree-days above : 
Table 38 
1970 Number of degree-days above : 
Number of degree—days above : 
Table 39 
1971 
Table 41 
1973 Number of degree-days above : 
Table 40 
1972 Number of degree-days above : 
Table 42 
1974 Number of degree-days above : 
Number of degree-days above : 
Table 43 
1975 
Table 44 
55 54 
Table 44 Summary of degree-days by season 1933-1975. 
(a) Degree-days over 0 C (derived from Tables 1 - 43) are shown for 
each season of the year. Winter has been taken as December -
January - February and is listed under the January date, spring 
March - April - May, summer June - July - August and autumn 
September - October - November. The lowest and highest values in 
each season are shown underlined in the table. 
(b) The degree-days over 0 C in Table 44 (a) were ranked in order of 
magnitude in each season and arbitrarily divided into three 
categories. In each season the eleven years with the highest ranks 
have been designated warm, the eleven lowest ranks designated cool 
and the remainder medium. The results have been tabulated as 
w (warm), m (medium) and c (cool). 
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Table 45 
Degree-days 1933-1975 (derived from Tables 1 - 43). 
(a) January to March over 5 C 
(b) June to September over 15 C 
(c) June to September over 20 C 
Table 45 
Table 46 
Monthly mean surface temperatures, Windermere 1933 to 1975, in degrees centigrade 
Table 46 cont'd 
Monthly mean surface temperatures, Windermere 1933 to 1975, in degrees centigrade 
Table 47 
Frequency distributions of monthly mean surface water temperatures 
Windermere 1933 to 1975 
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